It is experimentally demonstrated that a light pulse of 1 psec duration and 2 10 Watts peak power striking the surface of ferromagnetic EuO held at -lOoK does not adversely affect the spin polarization of photoelectrons emitted from this material. It is thus possible to obtain a pulsed beam of polarized electrons suited for injection into a high energy accelerator. It is expected that considerably more than 10' electrons/pulse with a polarization of 80%
I. INTRODUCTION
The fact that electron spins have a preferred orientation in a magnetized -solid can be used to obtain a source of spin polarized electrons. A high spin . polarization has been observed both for electrons photoemitted from EuO' and for electrons field emitted from EuS coated W tips2, although at present the photoemission source is more practical. In addition to electron emission from solids, there are a number of other sources of polarized electrons of varying quality; one of the most developed, photoionization of polarized alkali atoms, has been described by Hughes, et al. and compared to existing sources at that --time (1972) . 3 In this work we investigate a very promising polarized electron source employing photoemission from a solid, namely EuO.
The electron spin polarization P is defined as the expectation value of the Pauli spin operator along a given direction in space, for example the z direction defined by an applied magnetic field:
where NT , Nl are the respective numbers of spin up and spin down electrons (magnetic moment respectively parallel and antiparallel to the magnetic field direction). The degree of polarization from a photoemission source depends on a number of factors including the electronic structure of the magnetic solid, the wavelength of the photoexciting light, and the applied magnetic field and geometry of the sample as will be discussed below. The number of electrons obtainable depends on the light intensity and the photoelectric yield at a given photon energy as follows:
-2-where Y is the yield in electrons per incident photon, and Ip is the photon current.
-In the"case of EuO, Y -3 X 10 -3 electrons / incident photon in the photon energy range 4 eV <Bw <6 eV. 4
There has been increased interest recently.in a source of polarized electrons I&the next section we discuss briefly the electronic structure, the magnetic properties, and photoemission from EuO. An overview of the apparatus with a special discussion of the pulsed lamp and the Mott scatterer is presented in Sec. III, In Sec. IV we present the results using the pulsed lamp and discuss the implications for a pulsed polarized electron source.
II. EuO
EuO is a ferromagnetic semiconductor that crystallizes in the NaCl structure and has a Curie temperature of 69'K. The positively charged Eu'+ ion has a strictly localized spin -only moment due to the half-filled 4f shell Intrinsic and extrinsic impurity states also lie in the gap and may exhibit a polarization due to interaction with the 4f electrons.
An electron is photoemitted when a photon of sufficient energy excites the electron to a state above the vacuum level Em whence it can escape from the solid into the vacuum. The vacuum level is located 1.8 eV above the Fermi level EF which in turn is 0.1 eV below the bottom of the conduction band.
All of the 4f electrons have spins aligned in the direction of the magnetic field if a sufficiently large field is applied to line up the ferromagnetic domains.
The demagnetizing factor of the crystals is -l/3, so the bulk is expected to saturate with an applied field of l/3 the saturation magnetization of 24 kOe.
If the photon energy is less than 6 eV, the 4f electrons but no valence electrons would&e photoemitted, and a polarization of 100% would be expected on the basis of this simple model. In fact, the polarization is decreased if nonmagnetic impurities are present and contribute to the photocurrent. Further, the polarization is reduced by the existence of a nonsaturated sheet at the surface, at which electrons from deeper inside the material undergo spin disorder scattering.
The depth of origin5 of electrons excited 1-3 eV above the vacuum level is 50-100 1 in Eu04 even though the light absorption depth is at least 400 i for 4 eV<Bw <6 eV. 6 It has been estimated7 that spin exchange scattering from a single paramagnetic surface layer could reduce the polarization of the photo- The increased electrical conductivity on doping is essential for an intense polarized electron source. In an insulating sample, the photoemission is limited by charging of the region near the surface.
In this experiment we used a EuO crystal nominally "doped" with 2% La.
In fact, the true La concentration varies over the crystal and is not known, except that the crystal is strongly n-type.
III. APPARATUS
A. Overview at scattering angles f 120 f 3' to give the scattering asymmetry A = (N1 -N2) / (N1 + N2) .
The polarization is related to A by 12
S is the Sherman function which has a broad maximum at a scattering angle of 120° for 100 KeV electrons. 
The relative Sherman function So/S is shown in Fig. 5 . The S determined for the foil used in this experiment was 0.28.
The counting electronics following the detectors was different depending on whether the dc lamp or the pulsed lamp was used. With the dc lamp single electrons were counted. The output of a detector went through a preamplifier, amplifier, and pulse height analyzer to the counter. In the case of the pulsed lamp, the many electrons in the 1.5 p set burst could not be counted singly because the resolution is limited by the -1 psec amplifier output pulse width.
Instead the output of the amplifier was fed to a converter which gave a pulse train pf length proportional to the height of the input pulse. The converter was gated by a delayed gate generator which was triggered by a signal from a pickup coil near the lamp. Because the pulse height analyzer was not used in this mode, a small background was measured even in the absence of photocurrent and was considered in evaluating the data.
IV. RESULTS AND DISCUSSION
The results of this experiment are presented in Table 1 The pulsed measurement at 4.22 kG was especially sensitive to the background because (1) the polarization and hence the measured asymmetry was lower, and (2) due to beam adjustment difficulties the counting rate for the two magnetic field directions were different by a factor of -2.5 and so also was the background.
The measured polarization was 9.8% without correction for background and 18.6% with correction for background.
A test was made to see if unpolarized electrons from the valence bands were excited by the pulsed lamp which produced photons up to energies somewhat greater than 6 eV. A UG5 filter with a pass band from 3 to 5.5 eV produced no signif+cant difference in the measured P as seen from measurements 3 and 4.
A factor of 4 reduction of the pulsed light intensity by simply inserting an aperture in the incident light beamalso did not significantly affect the polarization as seen from measurements 5 and 6.
The measurements took place in a period of 8 hours following the cleaving of the crystal in the following order: Measurement No. 3, 4, 5, 6, 2, 1. A check on the polarization for a field of 12.66 kG at the end of the measurement period showed no change in the polarization. The pressure was 2 X 10 -9 Torr , which was higher than desirable. Previous measurements at 2 X 10 -10 Torr produced both higher yields and higher polarizations. Vacuum conditions are very important because residual gases can condense on the cold surface of the crystal.
The usable intensity of the polarized electron beam depends on its electronoptical properties and how these match the accelerator. In the case of SLAC, the accelerator can accept a 70 keV electron beam with an emittance of 7 mrad-cm (aperture angle x radius). In our experiment, electrons are generated from a finite area in a magnetic field. Because the axial component of the A canonical angular momentum L = 7 X (my + e$ is conserved, electrons produced off-axis will have skewed trajectories in a region of zero magnetic field. The effective emittance in this case can be shown 3,14 to be : E = rotEOh 1'2 + i (e/m) r02 Be/v (6) where e = charge, m = mass, r. = distance to axis from point of electron origin, B. = magnetic field at electron origin, v = final velocity of electron, E. = initial energy of electron and E = final energy of electron. In order for 70 keV electrons originating in a field of 12.66 kG to have an emittance _< 7 mrad-cm, they must be etitted in an area of radius 0.32 mm. The first term in Eq. 6 is negligible relative to the second for these conditions. We measured 3 X 10' electrons per pulse generated from an area of 0.85 mm radius which corresponds to 4 x lo8 electrons per pulse with an emittance _< 7 mrad-cm at 70 keV.
There is no way to avoid the emittance imposed limitation on the usable light spot size in photoemission from solids when a large magnetic field is present. Increasing the length of the crystal or backing it with an iron rod decreases the demagnetizing factor and the size of the magnetic field that must be applied to achieve a given magnetization. However, % is perpendicular to the sample surface, so the magnetic field at the sample surface is unchanged.
Should heating problems occur in EuO at very high light intensities, Fe could be used as the photoemitter. If a fraction of a monolayer of Cs is deposited . on the Fe surface to lower the work function to 3-3.5 eV, the average yield over the range 5 eVlriw < 6.5 eV is -1 x 10-3electrons / incident photon. In a field of 20 kG, the average polarization expected is -35%. 15 The figure of merit of a polarized electron source is aIP2. For reasonable values of polarization, the lower polarization can be compensated by a higher intensity unless a higher electron beam current is in itself undesirable as in the case of an experiment with a polarized target. At lower values of polarization, systematic effects on polarization value occuring with polarization reversal become increasingly difficult to detect and correct for.
In conclusion, we have seen that there is no decrease in the polarization of the photoelectrons from EuO + 2% La with a light intensity sufficient to produce 3 X 10' electrons per pulse. Straightforward improvements in the I opticssd apparatus design can increase the useful light intensity on the sample by a factor of 100. More than half of the light intensity is in photons with energies below 4 eV, and may be filtered out to minimize heating effects, should they be observed.
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